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 The antimicrobial activity of various plant extracts on Pseudomonas bacteria isolated 
from spoiled chilled tilapia (Oreochromis sp.) was evaluated in this study. In the first 
stage of this study, red tilapia was subjected to chilled storage (4°C) for 3 weeks, and 
spoilage bacteria were isolated and identified from the spoiled fish. Pseudomonas was the 
dominant bacteria isolated from the spoiled fish and further identification revealed that P. 
putida, P. fluorescens and Pseudomonas spp. were the main species of this group. In the 
second stage, methanolic extracts of 15 selected plant species were screened for their 
antimicrobial activity, by agar disc diffusion method, against the Pseudomonas isolates. 
Results indicated that most of the extracts had different degrees of activity against the 
bacterial isolates. The strongest activity was exhibited by bottlebrush flower (Callistemon 
viminalis) extract. This was followed by extracts from guava bark (Psidium guajava) and 
henna leaf (Lawsonia inermis). Moderate antimicrobial activities were observed in 
extracts of clove (Syzygium aromaticum), leaf and peel of tamarind (Tamarindus indica), 
cinnamon bark (Cinnamomum zeylanicum), wild betel leaf (Piper sarmentosum) and 
fresh thyme (Thymus spp.). Weak or no antimicrobial activity was observed from the 
remaining extracts. The potential antimicrobial activity shown by some plant extracts in 
this study could significantly contribute to the fish preservation.  
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Introduction 
The quality deterioration of fresh fish starts by various 
autolytic (enzymatic) reactions and then subsequent 
spoilage is principally caused by bacterial growth and its 
relative reactions (Gram and Huss, 1996). At low storage 
temperatures, Gram-negative psychrotrophic organisms 
such as Pseudomonas, Alteromonas and Shewanella are 
the predominant organisms found on aerobically stored 
fish (Hobbs, 1991).  Among these, Pseudomonas spp. 
have been reported as the typical specific spoilage 
organism (SSO) for freshwater fish and fish from warm 
waters (Gram and Huss, 1996; Gram and Dalgaard, 
2002). 
Food antimicrobials, including food preservatives 
have been widely used to inhibit growth of spoilage and 
food-borne bacteria. However, in the recent years, the 
synthetic nature of many antimicrobial agents is of much 
consideration to customer’s health. Besides, the strong 
awareness for more nutritious, healthy and safe foods had 
steadily increased the demand for natural food additives 
(Burt, 2004; Tajkarimi et al., 2010). Plants, herbs and 
spices and their extracts have been used for centuries as 
traditional medicines, food flavours and preservatives, or 
even cosmetic materials (Tajkarimi et al., 2010; Gyawali 
and Sallam, 2014). Scientific reports have also shown 
potential antimicrobial activity of extracts from various 
herbs and spices on a wide variety of microorganisms, 
including food-borne pathogens and spoilage bacteria 
(Ceylan and Fung, 2004; Oonmetta-aree et al., 2006; 
Yano et al., 2006; Tajkarimi et al., 2010; Weerakkody et 
al., 2010; Abd Aziz et al., 2011; Devatkal et al., 2013; 
Velu et al., 2014; Baljeet et al., 2015). However, less 
attention has been paid in evaluating their activity against 
spoilage bacteria of fish, especially Pseudomonas species. 
Studies of Corbo et al. (2008, 2009) could be so far the 
most relevant documents on this subject. The authors 
screened the antimicrobial activity of commercial extracts 
of green tea, rosemary, grapefruit seed and lemon, along 
with the active compounds of some essential oils, against 
the main spoilage bacteria of marine fish, Shewanella 
putrefaciens and Photobacterium phosphoreum. The most 
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potent activity of this study has been shown for thymol 
and lemon extract, even at their low concentrations 
(Corbo et al., 2009). Apart from the above mentioned 
reports, other studies conducted in this field have used 
commercial plant essential oils (Mejlholm and Dalgaard, 
2002; Mahmoud et al., 2004; Gómez-Estaca et al., 2010). 
Crude extracts of various plant species from nine 
families: Alliaceae, Anacardiaceae, Fabaceae/Leguminosae, 
Lamiaceae, Lauraceae, Lythraceae, Myrtaceae, Piperaceae 
and Zingiberaceae (Table 1) were selected to be evaluated 
in the current study. Most of these plants such as 
cinnamon, clove, galangal, garlic, ginger, guava, henna, 
mint, oregano, tamarind and thyme have commonly been 
used as spices and herbs, food ingredients, and/or 
traditional medical purposes (Peter, 2001; Oonmetta-aree 
et al., 2006; Yano et al., 2006; Abukakar et al., 2008). 
Some species such as henna (L. inermis), wild betel leaf 
(P. sarmentosum) and Java/wax apple (S. samarangense) 
are locally known as medicinal plants in Malaysia 
(Rahman et al., 1999; Abd Aziz et al., 2011). The 
antimicrobial activity of various fractions obtained from 
many of these plants has been scientifically proofed 
(Rahman et al., 1999; Ceylan and Fung, 2004; Yano et al., 
2006; Abukakar et al., 2008; Ernawita, 2008; Tajkarimi et 
al., 2010; Abd Aziz et al., 2011). 
However, to the best of our knowledge, none of 
extracted materials from these plants have yet been tested 
for their antimicrobial activity against the specific 
spoilage bacteria of fish and fishery products. Thus, the 
objective of the present study was to evaluate the 
antimicrobial potential of selected plant extracts on 
Pseudomonas species associated with spoilage of chilled 
fish. The study also investigated the dominant microbial 
species responsible for spoilage of chilled tilapia. 
 
Materials and Methods 
 
Fish and Storage Conditions 
Red tilapia, Oreochromis sp., was freshly harvested 
from the aquaculture facilities of Universiti Sains 
Malaysia, Penang, Malaysia. The fishes were wrapped 
individually in oxygen-permeable polyethylene bags and 
stored aerobically at 4°C. Microbiological and sensorial 
analyses were performed on day 0, 7, 14 and 21 of 
storage. 
 
Enumeration and Isolation of Bacteria 
For bacterial enumeration, 0.1 ml decimal dilution 
series of the fish homogenate was prepared in 0.1% (w/v) 
peptone water (Merck, Darmstadt, Germany). It was then 
spread plated on plate count agar (PCA) (Merck, 
Darmstadt, Germany) and cetrimide fucidin cephaloridine 
agar (CFC) (Oxoid, Basingstoke, United Kingdom) for 
enumeration of total viable count (TVC) and 
pseudomonads count, respectively. In both cases, plates 
were incubated at 25°C for a minimum of 2 days. Two 
replicates of at least three appropriate dilutions were 
enumerated. Plates containing 30-300 colonies were 
counted, and values of colony forming units, CFU/g of 
fish tissue were calculated.  
Isolation of spoilage bacteria was performed from 
PCA and CFC plates of spoiled fish. Spoilage stage was 
defined when pseudomonads count reached 10
8
-10
9
 
CFU/g. This level has been recommended for the 
microbial rejection of fresh fish stored aerobically at 
chilled temperatures (Gram and Huss, 1996). The 
spoilage of fish was also confirmed by the sensory 
evaluation. Respective plates of both media that had 30-
50 colonies were kept (4°C) for subsequent bacterial 
isolation and further identification of spoilage 
microorganisms. A total of 90 well isolated colonies, 
comprising 60 and 30 isolates from PCA and CFC plates, 
respectively, were picked randomly. Isolates were further 
purified by streaking twice in nutrient agar, NA (Merck, 
Darmstadt, Germany)at 25°C/2 days. 
 
Identification of Isolates 
Each of the 90 isolates was examined at 25°C using 
the following tests: Gram reaction (Gregersen, 1978), 
motility and cell shape (phase-contrast microscopy after 
growth in nutrient broth for 16-24 h), catalase (3% 
hydrogen peroxide); production of oxidase using oxidase 
test strips, fermentation/oxidation test for glucose 
metabolism in O-F medium of Hugh and Leifson (Hugh 
and Leifson, 1953) and production of H2S in triple sugar 
iron agar. The isolated strains were then grouped to the 
genus level using the schemes proposed by Shewan et al. 
(1960), Dainty et al. (1979), Bagge-Ravn et al. (2003) and 
Lalitha and Surendran (2006) for the identification of 
bacteria isolated from meat and aquatic products. The 
information of Tryfinopoulou et al. (2001) was also 
referred to differentiate between the CFC isolates. 
Gram-negative, motile rods, oxidase and catalase 
positive and non-fermentation of glucose, with no 
production of H2S were used as prospective 
identifications for Pseudomonas spp. These prospective 
isolates were also checked for their ability to grow at 
various temperatures (4, 37, and 42°C). The identity of 
pseudomonads was further confirmed by the API 20NE 
System (BioMérieux, France). Reference strain 
LMBF481 (Pseudomonas fluorescens) isolated from 
spoiled chilled gilt-head sea bream (Sparus aurata) was 
used in this assay (Tryfinopoulou et al., 2002).  
 
Sensory Evaluation 
The sensory test was designed to evaluate the overall 
acceptability of chilled tilapia based on a modified 
scheme from Liu et al. (2010) using the following 
classifications: fresh, acceptable, neutral, spoiled and 
rotten. 
 
Plant Samples  
Fifteen (15) different plant species made up of spices, 
herb and other natural plants were used to prepare 19 
extracts (Table 1). These plants were collected from the 
Botanical Garden at School of Biological Sciences, 
Universiti Sains Malaysia or purchased from Penang’s 
local market in terms of fresh or dry matter. Their 
identities were checked by morphological examination 
and were compared with the herbarium specimens. 
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Table 1 List of plant extracts used in this study 
Common name Botanical name Family Extracted  part 
Bottlebrush Callistemon viminalis Myrtaceae Flower 
Bottlebrush Callistemon viminalis Myrtaceae Leaf 
Cinnamon Cinnamomum zeylanicum Lauraceae Bark 
Clove Syzygium aromaticum Myrtaceae Bud 
Galanga Alpinia galanga Zingiberaceae Rhizome 
Garlic Allium sativum Alliaceae Bulb 
Ginger Zingiber officinale Zingiberaceae Rhizome 
Guava Psidium guajava Myrtaceae Bark 
Java/wax apple Syzygium samarangense Myrtaceae Leaf 
Henna Lawsonia inermis Lythraceae Leaf 
Mango Mangifera indica Anacardiaceae Bark 
Mint Mentha arvensis Lamiaceae Aerial part 
Oregano  Oreganum spp. Lamiaceae Aerial part (fresh) 
Oregano  Oreganum spp. Lamiaceae Aerial part (dry) 
Tamarind Tamarindus indica Fabaceae/Leguminosae Leaf 
Tamarind Tamarindus indica Fabaceae/Leguminosae Peel 
Thyme  Thymus spp. Lamiaceae Aerial part (fresh) 
Thyme  Thymus spp. Lamiaceae Aerial part (dry) 
Wild betel leaf Piper sarmentosum Piperaceae Leaf 
 
 
Preparation of Plant Extracts 
The part of each plant sample used was cleaned, 
washed with running tap water, crushed, sliced and/or 
ground into an appropriate size. Each sample was 
completely soaked in 80% methanol (Analytical grade; 
Fisher Scientific, U.K.) and heated on a boiling bath 
(Protech BB-6TS, Malaysia) for 1 h, then covered with 
aluminium foil and left at room temperature for 24 h. The 
extracts were filtered using Whatman filter paper No 1 
and the filtrates were first evaporated at 50-60°C (Eyela 
N-100, Japan) then dried in a tray dryer at 50°C (Protech 
FDA-720, Malaysia). A portion of each dried crude 
extract was dissolved in 25% dimethyl sulfoxide (DMSO) 
(Merck, Darmstadt, Germany) by sonication (JAC-2010 
(P), Kodo, South Korea) and vortex continuously to a 
final concentration of 100 mg/ml (10%, w/v), and then 
sterilized by filtration using 0.20 μm Millipore syringe 
filters (Sartorius, Germany). A combination (1:1 v/v) of 
the most two potential extracts was also prepared. 
 
Preparation of Pseudomonas Inoculum 
Cultures from each of the three Pseudomonas species 
isolated from spoiled tilapia were used in this assay. For 
each species, a loopful from a 25°C/48 h nutrient agar 
plate was inoculated into 10 ml of nutrient broth and 
incubated at 25°C and 100 rpm for 16-18 h to achieve 
cultures at exponential phase containing 10
7
-10
8
 CFU/ml. 
Each of the bacterial species was then diluted with sterile 
saline, 0.9% NaCl w/v solution (R & M Chemicals, UK) 
to achieve working cultures of approximately 
10
7
 CFU/ml. Working cultures of each individual isolate 
was used for the screening assay of each plant material. 
Besides, a cocktail of the three Pseudomonas cultures, 
which was similarly prepared by mixing equal amounts of 
their respective individual cultures, was further used for 
screening the most potential extracts and their respective 
combination. 
Antimicrobial Activity of Extracts by Agar Disc 
Diffusion Method 
Tests for individual and combined plant extracts, of 
equal concentrations of 100 mg/ml, were conducted by 
standard disk diffusion agar method (Clinical and 
Laboratory Standards Institute (CLSI), 2009), after minor 
modifications. A suspension (10
7
 CFU/ml) of each 
microorganism or their cocktail mixture was spread plated 
on the entire surface of Müeller-Hinton agar (Oxoid, 
Basingstoke, United Kingdom) plates. Then, a 20 μl of 
each diluted extract was added on its respective sterile 6 
mm discs (Oxoid, Basingstoke, United Kingdom). Sterile 
25% DMSO was used as a negative control. The plates 
were allowed to stand for about 30-60 min at room 
temperature, before being incubated at 25°C.  After 48 h 
of incubation, each plate was examined for the presence 
of the zone of inhibition, measured to the nearest whole 
millimetre, including the diameter of the disc.  
Besides, the two most effective extracts (bottlebrush 
flower and guava tree bark) were selected to evaluate the 
potential of any synergetic effect that might occurred 
when combined. This antimicrobial assay was conducted 
for each of these extracts as well as their respective 
combinations against the cocktail culture of the three 
Pseudomonas species, following the same procedure used 
for the individual extracts. 
Triplicate samples of each antimicrobial agent were 
employed in this test, and results were calculated as mean 
± SD. 
 
Statistical Analysis 
Results of bacterial count were converted into 
logarithms of the number of colony forming units per g of 
fish tissue (log CFU/g). One-way analysis of variance 
(ANOVA) using the SPSS program, 17.0 for Windows 
(SPSS lnc., Chicago, IL, USA) was performed to test the 
antimicrobial activity (inhibition zone) of different plant 
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extracts against Pseudomonas isolates. Differences 
between means were determined by Duncan's Multiple 
Range test (Duncan, 1955) and were considered to be 
significant when P-values were < 0.05. 
 
Results 
 
Microbiological and Sensorial Changes of Chilled 
Tilapia 
Changes in microbiological and sensorial values of 
tilapia during chilled storage are shown in Table 2. 
Initially, day 0, the fish was very fresh, with bacterial 
count of 4.13 Log CFU/g and 3.11 Log CFU/g for TVC 
and Pseudomonas, respectively. Over the first week of 
storage, a sharp increase in bacterial counts was observed, 
but the overall quality of fish was still acceptable. Then 
by day-14, the bacterial count of fish had increased above 
Log 8 CFU/g for both bacterial types. Sensory spoilage 
was also visible at this stage.  Accordingly, isolation of 
bacterial species was performed in day 14. Further storage 
to day 21 had no significant change on the bacterial count, 
but the spoilage rate was further increased and caused the 
fish to become rotten. 
 
Bacterial Identification 
The identification of the 60 isolates from the PCA 
plates of spoiled tilapia is shown in Table 3. The majority 
of these isolates (86.7%) were identified as Gram-
negative rods. About half of them (equivalent to 43.3% of 
total isolates) were motile, oxidase and catalase positive, 
non-fermentative of glucose and did not produce H2S in 
TSI tubes. Accordingly, they were identified as 
pseudomonads. The second group of isolates (18.3%) 
showed similar characteristics with pseudomonads, except 
for their capability to produce H2S; consequently they 
were identified as Shewanella putrefaciens. Moraxella 
was also found as the third largest group of the microflora 
(15.0%). The remaining Gram-negative rods (6 isolates) 
consisted of Acinetobacter (3 isolates) and Aeromonas (3 
isolates). On the other hand, the Gram-positives (13.3%) 
consisted of Staphylococcus, Micrococcus and two 
unidentified isolates. 
For the 30 isolates of the CFC plates, almost all of 
them (29 isolates) were Gram-negative, motile rods, 
oxidase and catalase positive, non-glucose fermenter and 
could grow at 4 and 37°C. None of them produced H2S, 
or grew at 42°C. Likewise, the reference strain 
(LMBF481) exhibited the same characteristics. Thus 
these isolates were identified as pseudomonads. Among 
these Pseudomonas isolates, the API 20NE system was 
able to identify species of P. fluorescens (25%) and P. 
putida (41.7%), whereas the remaining isolates of this 
genus were clustered as Pseudomonas spp. (33.3%). 
Besides, the one non-Pseudomonas isolate was 
differed on its capability to ferment glucose in the O/F 
medium as well as acid and gas formation in TSI agar. 
This strain was identified as Aeromonas spp. 
 
Antimicrobial Activity of Extracts  
The individual extracts showed various degrees of 
antimicrobial activity against the three Pseudomonas 
species (Table 4). In general, P. fluorescens was least 
sensitive to all extracts. Almost the same trend of 
sensitivity was exhibited by P. putida and Pseudomonas 
spp.  
 
 
 
Table 2 Changes in bacterial count (Log CFU/g) and acceptability of red tilapia during chilled storage 
Storage days 
Bacterial count 
Acceptability 
TVC Pseudomonas 
Day-0 4.13±0.03c 3.11±0.05c Fresh 
Day-7 7.13±0.06b 6.79±0.08b Acceptable 
Day-14 8.88±0.11a 8.41±0.11a Spoiled 
Day-21 8.40±0.06a 8.09±0.02a Rotten 
Mean values in the same column with different superscripts were significantly different (P<0.05). 
 
 
Table 3 Characterization of bacterial isolates from the PCA plates of spoiled chilled tilapia 
No. of 
isolates 
Gram 
Reaction 
Shape Motility Oxidase Catalase 
Glucose 
metabolism 
H2S Identification 
26 - Rod + + + O - Pseudomonas 
11 - Rod + + + K + Shewanella 
9 - Rod - + + K - Moraxella 
3 - Rod - + + NC - Acinetobacter 
3 - Rod + + + F - Aeromonas 
5 + Cocci - - + F NR Staphylococcus 
1 + Cocci - - + NC NR Micrococcus 
1 + Rod - - - F NR Unknown 
1 + Rod - - + F NR Unknown 
+/‑; Positive/negative reaction, F; fermentation, K; alkaline, NC; no change, O; oxidation, NR: not run 
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Table 4 Antimicrobial activity (inhibition zone, mm) of selected plant extracts against Pseudomonas isolates 
Plant extract P. fluorescens P. putida Pseudomonas spp. Average 
Bottlebrush (flower) 13.83±1.0a 22.50±0.5a 21.33±2.0a 19.22±4.7a 
Bottlebrush (leaf) 9.75±0.5f 13.75±0.7d 14.33±0.1d 12.61±2.5e 
Cinnamon 7.67±0.6gh 12.00±0.0e 12.83±0.3ef 10.83±2.8fgh 
Clove 11.58±0.5bcd 14.08±0.6d 14.08±0.1d 13.25±1.4d 
Galanga ND 8.00±0.0i 9.00±0.3i 7.67±1.5l 
Garlic ND ND ND ND 
Ginger ND ND ND ND 
Guava 12.00±0.0b 19.25±0.9b 19.17±0.8b 16.81±4.1b 
Henna 11.83±.04bc 15.67±0.6c 15.67±0.3c 14.39±2.2c 
Java/wax apple 10.92±1.0cde 13.42±0.4d 13.67±0.8de 12.67±1.5e 
Mango 9.50±0.5f 10.83±0.1f 10.42±0.1h 10.25±0.7h 
Mint 7.00±0.0h 7.00±0.0j 9.00±0.0i 7.67±1.2l 
Oregano (fresh) 8.17±0.3g 8.42±0.7hi 8.33±0.6i 8.31±0.1k 
Oregano (dry) 8.00±0.3g 8.92±0.1gh 12.00±0.9fg 9.64±2.1i 
Tamarind (leaf) 10.83±0.3de 11.17±0.3ef 11.00±0.0gh 11.00±0.2fg 
Tamarind (peel) 10.25±0.5ef 11.75±0.0e 11.17±0.8gh 11.06±20.8f 
Thyme (fresh) 8.17±0.3g 12.00±1.4e 11.63±0.5gh 10.60±2.1fgh 
Thyme (dry) 8.08±0.1g 8.42±0.7hi 10.50±0.0h 9.00±1.3j 
Wild betel  leaf 10.00±1.3ef 9.67±0.6g 11.50±1.3gh 10.39±1.0gh 
Values were reported as means ±S.D. of triplicate groups. Mean values in the same column with different superscripts were significantly different 
(P<0.05).ND = non-detectable. 
 
 
Among the 19 extracts tested, bottlebrush flower had 
the strongest antimicrobial activity against all of the three 
Pseudomonas species. This was followed by guava tree 
bark extract and henna leaf extract. Moderate 
antimicrobial activities were observed by seven extracts 
in the following descending order: clove, Java apple, 
bottlebrush leaf, tamarind peel and leaf, cinnamon and 
fresh thyme. Weak activity (≤10 mm) was given by 
mango tree bark, wild betel leaf, dry oregano and dry 
thyme, fresh oregano, mint and galangal extracts. No 
antimicrobial activity was observed for garlic and ginger 
extracts against Pseudomonas species. 
No synergistic effect on the antimicrobial activity was 
achieved by the combination of the two most effective 
plant extracts; bottlebrush flower and guava tree bark 
against the cocktail culture of the three Pseudomonas 
species. The inhibitory value obtained by the combination 
of these two extracts (16.83 mm) was even lower 
(P<0.05) than that of bottlebrush flower extract (17.67 
mm). 
 
Discussion 
 
At the point of sensory spoilage, the pseudomonads 
count of stored tilapia was within the range of 10
8
-10
9
 
CFU/g, which has been recommended as the level of 
microbial rejection of chilled fish (Gram and Huss, 1996).  
Similar Pseudomonas counts have been found in air 
packaged tilapia fillet at the end of shelf-life storage at 
1°C (Odoli, 2009). The domination of Pseudomonas 
species observed in the current work is identical to 
spoilage bacterial of aerobically-stored chilled tilapia 
(Surendran et al., 1989; Odoli, 2009) and freshwater fish 
(Surendran et al., 1989; Gram et al., 1990). Species of P. 
putida and P. fluorescens identified in this study are 
commonly isolated from fish stored at chilled 
temperatures (Stenström and Molin, 1990; Tryfinopoulou 
et al., 2002). The domination of these bacteria over other 
fish microflora at such storage conditions could be 
attributed to their ability to utilise a variety of compounds, 
like the non-protein nitrogen (NPN) fraction in the fish 
muscle quickly and efficiently (Liston, 1980; Gram, 
1993). 
Among all the 19 plant extracts screened, the extract 
of bottlebrush flower, C. viminalis, showed the highest 
antimicrobial activity against Pseudomonas species. In 
comparison to the results of this study, methanolic 
extracts of leaf and flower from two other species of 
Callistemon (C. citrinus and C. salignus) displayed 
potential antibacterial activities against some Gram-
positive and Gram-negative bacteria including P. 
fluorescens (Cock, 2008); where the antimicrobial activity 
was higher in the flower fraction than the leaf fraction. 
The antimicrobial activity of various fractions of the leaf 
part of C. viminalis harvested from the same source as 
this study has been reported by Ernawita (2008). Results 
showed moderate inhibitory activity of the methanolic 
extract, particularly towards Gram-positive bacteria. This 
activity was beyond that of the essential oil fraction, but 
less than those for non-polar extracts. Analysis conducted 
by the latter study for three different fractions indicated 
eucalyptol as the major component, in additional to 
another three components (α-pinene, α-phellandrene and 
limonene) that were common in all fractions tested. 
Moreover, other data on the essential oil fraction of C. 
viminalis has generally reported 1,8-cineole, α-pinene and 
α-terpineol as the major components, while minor 
constituents were α-thujene, -pinene, myrcene, p-
cymene, -terpinene, terpinolene, linalool, trans-
pinocarveol, borneol, α-humulene, allo-aromadendrene, 
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spathulenol and globulol (Brophy et al., 1997; Srivastava 
et al., 2003). The antimicrobial role of cineole or cineole-
rich essential oils has been reported towards a wide range 
of bacteria (Pattanik et al., 1997; Sato et al., 2007). 
The second potent extract reported in the current study 
was derived from the bark of guava tree, P. guajava. 
Some studies have also demonstrated the antimicrobial 
activity of the guava bark extract against Pseudomonas 
strains. Abdelrahim et al. (2002) observed good 
antibacterial activities of its methanolic bark extracts 
towards P. aeruginosa as well as other Gram-positive and 
Gram-negative microorganisms. Ethanolic extracts of 
guava leaf showed antimicrobial activities against a wide 
spectrum of food-borne pathogenic and spoilage bacteria 
including P. putida and P. aeruginosa (Hoque et al., 
2007). The major components of the guava tree bark are 
tannin (12-30%), resin and crystals of calcium oxalate 
(Khan and Ahmad, 1985, Burkill and Dalziel, 1997). 
Thus, the antimicrobial activity of this extract could be 
attributed to these components, particularly tannins (Ali 
and Shamsuzzaman, 1996). 
Potential antimicrobial activity was also showed by 
henna (L. inermis) leaf extract.  In agreement with our 
study, the methanolic extract of the leaf part of this plant 
was found to be very active against P. fluorescens 
(Bonjar, 2004). Alike, ethanolic extracts of L. inermis 
exhibited potential antibacterial activity against V. 
cholerae, V. parahaemolyticus and 12 multidrug resistant 
isolates of V cholerae (Sharma et al., 2009). The authors 
reported that the presence of tannin in these extracts could 
be responsible for the vibriocidal activity.  
Some studies have reported greater inhibitory effects 
on various bacterial species using extracts of plant-origin 
applied in combination than if they were used separately 
(Burt, 2004; Lee and Stein, 2011). This effect has been 
suggested to be as a result of synergistic actions of 
specific compounds with different biochemical properties 
present in the mixture (Burt, 2004; Gyawali and Sallam, 
2014). However, in the present study, the combination of 
C. viminalis and P. guajava extracts had no synergistic 
action against Pseudomonas. This observation was 
similarly reported by Gutierrez et al. (2008) where several 
combinations of various plant essential oils failed to 
achieve synergistic inhibitory effect against four 
pathogenic bacteria. In fact, mechanisms involved in 
creating synergistic actions in such combinations are 
likely to be very complicated and still unclear (Singh et 
al., 2007). 
In conclusion, the potential inhibitory activity of crude 
extracts of bottlebrush flower, guava tree bark and henna 
leaf on Pseudomonas isolates associated with microbial 
spoilage of chilled fish could significantly contribute as 
natural antimicrobial alternatives for fish preservation.  
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